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Abstract 
This paper presents the application of a sociotechnical modeling framework to capture regional dependencies in the international 
natural gas market in context with the global energy marketplace at large. Soft systems methods were used to produce conceptual 
models of flow and interaction in order to inform the design of analytical models.  First, this research project captured and analyzed 
the flows of natural gas in international markets by developing a conceptual model of the global natural gas infrastructure and 
future growth options at the regional level. Policies, players, infrastructure, and markets all exist at the global, regional, and national 
level to make up the present-day natural gas landscape. Second, the research team worked to model the overall global natural gas 
sociotechnical enterprise and its future growth options to understand the regional versus global interdependencies and their likely 
effect on the changing natural gas landscape. The results capture emerging trends in the system that may not be obvious without a 
systemic analysis and capture gaps in existing predictive models of system performance. 
 
© 2015 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the scientific committee of Stevens Institute of Technology. 
Keywords: Multi-level modeling; Sociotechnical systems; Complex systems; Systemigram; Energy; Natural Gas 
1. Background and motivation 
The past decade yielded substantial change in the natural gas industry. Technologies to extract gas from shale and 
other unproven sources have shifted the market in the United States, and are affecting other world markets.  The role 
of natural gas in the global energy mix is changing as natural gas emerges from a regional and often marginal fuel to 
a focal point of global energy supply and demand. The oil and gas enterprise is experiencing a transformation due to 
growth of natural gas resource extraction and distribution.  Current forecasts show worldwide development of non-
traditional natural gas, coupled with the diffusion of liquid natural gas (LNG), will grow to compete with coal and 
eventually petroleum resources. This is driving a change in the political geography of energy supply and demand as 
well as the physical supply chain. Factors driving this change represent a complex sociotechnical system that defies 
prediction using traditional supply and demand driven models. 
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The geopolitical aspects of natural gas differ from those of oil because cost-effective distribution of gas is primarily 
a regional supply/consumption market. There are regional variations in sources, distribution, usage, and pricing.  
Whereas oil has been traditionally dominated by large supply and distribution hubs, gas “networks” that are tied to 
regional resources are emerging.  These regional networks are characterized by contractual relationships, regional 
pricing, along with local social, economic, and political goals.  Physical networks are composed of LNG terminals and 
pipelines that directly connect supply regions to demand centers, as well as integrated storage facilities and inter-
connectors that link up to these extra-regional delivery systems. Even though distribution of natural gas is heavily 
dependent on physical pipelines in a complex supply chain network, a number of economic, social, cultural, and 
political aspects drive the overall enterprise.  Worldwide development and distribution of non-traditional natural gas 
resources will grow in ways that cannot be analyzed using discrete point-to-point, regional or global viewpoints, or 
with traditional economic models of reserve depletion and addition.    
The Georgia Tech Strategic Energy Institute1 supported this project to understand the geopolitics of natural gas 
across the globe.  A sociotechnical modeling approach was chosen to gain insight into emerging properties in the 
natural gas marketplace. The project focused on four regional market scenarios with the biggest developments in 
natural gas and highest projected growth. An enterprise view was selected to capture the sociotechnical layers in the 
system, and a fifth scenario was developed to capture the general system structure of natural gas enterprises.2 
Like many complex sociotechnical systems, the global natural gas infrastructure is undergoing a transformation 
that is difficult to predict using conventional analyses.  To enable a better understanding of the changing natural gas 
landscape, this project develops a framework for a multi-level model along with alternative future scenarios that 
capture the relationships and interactions of large complex enterprises. This platform models sociotechnical and 
sociopolitical flows to capture how selected scenarios impact growth, stability, resilience, security and policy.  This 
provides insight on emergent properties in the system that would not normally be captured in existing operational and 
economic models. The interdependencies within the global natural gas infrastructure and the key pressure points are 
identified to drive scenario development in order to demonstrate fundamental change in the present state. This is not 
only useful for future modeling and simulation efforts, but also provides stakeholders and decision makers a means to 
better grasp the uncertainties of the natural gas landscape and make better informed decisions regarding energy policy. 
2. Policy implications 
There are a number of areas in which policy and existing models are not sufficient to estimate change in complex 
environments.  Areas of concern include regional variations to system effects and multi-level or multi-scale behaviors.  
Generalized models, although they may reflect regional data, tend to model the behaviors of the system independently 
from regions of interest and then correct with factors that increase or decrease regional performance based on broad 
indices.  Many existing models also fail to capture interactions between the variables.  In many cases, the models are 
generally accurate within one aspect of the system, but the assumptions put into the models reflecting other aspects 
are incorrect or no longer valid.  Often, years can pass before policy makers begin to accept the fact that different 
dynamics are driving the system and that existing models are inadequate to predict trends. 
In a highly interconnected world, innovations in technology, business process, finance, etc. tend to diffuse across 
the large global enterprises much faster than policy or laws can react.  There is a need to regularly revisit assumptions 
about “how the system works” to keep pace with the changes.  These systems are complex adaptive enterprises made 
up of many competing smaller enterprises whose behavior defies control.  Study of the sociotechnical behaviors of 
the system can provide insight to policy makers on emerging trends that can be used to adjust their assumptions of 
system operations and behavior.   
Corresponding gap analyses can aid further understanding of what existing models can and cannot do.  New 
assumptions can be played into existing models or new enhanced models to form an analytical basis for policy 
decisions.  Such analysis early in the emergent cycles of system change can inform more agile policy decisions.  In 
the long-term, new models that capture more complex behaviors of the system can be developed and run on continually 
higher performance computing systems. This capability can inform policy makers of emergent areas outside their 
current knowledge by enabling the exploration of system interactions.  
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3. Approach 
This project used a combination of scenario analysis and soft systems engineering methods to create narratives and 
accompanying visual diagrams.  The products capture current features and possible evolution of the natural gas 
markets in each region.  Soft systems methods promote the development of conceptual models to aid in structuring 
and understanding real world systems and problems.3 However, soft systems models remain qualitative and are 
difficult to directly measure or validate.  We use conceptual models to provide insight into the system to inform further 
research and develop more quantitative models.  Conceptual models are best developed by experts who have capacity 
to develop multiple objective views of a system based on background research and discussions at expert meetings. 
Previous work conducted at the Georgia Tech Tennenbaum Institute, the Georgia Tech Research Institute, and 
Stevens Institute of Technology addressed the theory and methods behind the approach used in this study.4,5As the oil 
and gas markets represent complex enterprises, a generalized enterprise architecture model was used to inform the 
structure of multiple enterprise levels in the system.  This model is shown in Figure 1 and is derived from both the 
four-level enterprise view of the previous work6,7 and more detailed view using enterprise architecture concepts.8 
New properties of the system can emerge at any enterprise level and can change behaviors at other levels.  The 
effects of emergence cannot be evaluated without understanding “how the system works” at every level.  A process 
to conceptualize this informs a broader view 
with decision makers, whom may be subject 
matter experts but view the system at one level.  
To frame such a model, a context for analysis 
is provided.  As applied to the geopolitical space 
surrounding the transforming global natural gas 
landscape, such operational measures might be 
expressed as probabilities of price shocks, 
arbitrary supply disruptions, trade sanctions, or 
even political conflict. Irrespective of domain, 
one must attempt to broadly characterize the 
nature of the issues at hand and all of the factors 
impacting them. One then derives the 
architecture of the system as framed by Figure 1 
to identify components of the system, and more 
importantly, interactions within the system.  
As results are focused on long-term outcomes, the model outputs need to be expressed as operational measures 
reflecting the stakeholder values in the system. Long-term outcomes are often driven by competing goals of various 
stakeholders operating at different levels of the system.  These competing goals make long-term prediction difficult 
or impossible.  Thus, we have deeper understanding by developing scenarios of future change, designed to provide 
insight into the system interactions.  The insight formed in this stage of research, called “model framing,” allows for 
computational modeling of selected system interactions.   
The primary focus of this study was energy security. The conceptual model centered on flows in domestic networks 
and how they fit into regional networks, then applying the regional network to look at flows at the global enterprise 
level. The systems development and current state was examined, along with interactions and behaviors of varying 
phenomena, stakeholders, components, and events, which were all unique and differed between the levels.  It required 
going beyond soft policy and qualitative geopolitical narratives of the regional landscapes, by taking a soft systems 
approach to capture the processes involved in how the market was actually behaving. 
4. Multi-level modeling methodology 
Rouse et.al. defines a 10-step data collection and characterization methodology for modeling complex systems.9 
The initial steps are intended to carry background research into an expert forum where critical aspects of research are 
evaluated in a workshop setting.  The purpose of the workshop is to create an understanding of enterprise organization 
and its potential change in response to emerging systemic changes.  The subject matter expert workshops informed 








(infrastructure, services, financial, 
quality, security, etc.)
Work Practices (People & Resources)




Inputs: primary sources 
enabling enterprise outputs
Outputs: primary activities and 
broader processes enabling 
business and consumer outcomes
Outcomes: mission or business 
operational results measured from 
consumer perspective
Strategy: alignment of outcomes 
with higher level strategy
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Step 1 and Step 2 of the methodology, which lay the foundation for the study and modeling efforts.  Step 3 is the 
primary subject of this paper and examples of the systems modeling results are provided for 2 of the 5 scenarios.  Step 
4 is briefly described in the Conclusions and future work section.  Steps 5 - 10 are left to future work. The following 
subsections elaborate on the steps in more detail.  
x Step 1: Central questions of interest: Visual modeling activities are conducted around central questions of interest 
that investigate how the enterprise will change over time.    The central questions of interest, such as what factors 
cause natural gas markets to shift and shape regional flows, provide a context for mapping the system. The first 
step is to discuss the questions of interest with the decision maker(s), define what they need to know to feel that 
the questions are answered, and agree on key variables of interest.  
x Step 2: Define key phenomena underlying these questions: define key phenomena that underlie the variables 
associated with the questions of interest. These phenomena were identified in workshops and through the 
discussions with subject matter experts and serve the purpose of identifying key issues that relate to the scenarios 
that should be taking into consideration when carrying out project research. They are captured and described in 
terms of inputs, processes, and outputs for entities in the domain. The key phenomena, such as tighter clean air 
regulation, are linked to the enterprise architecture layers by mapping the constituents of the architecture and 
identifying primary impact areas at each level. 
x Step 3: Develop one or more visualizations: common variables among phenomena provide a basis for visualizing 
key phenomena. This paper primarily focuses on the visual modeling of the phenomena in the system, the results 
of which are intended not only capture system structure but also capture how the system works and will work in 
the future. Due to the complexity of the enterprise, it would be impossible to model or even document all of the 
potential constituents, interactions, and phenomena in this global enterprise.  At this point, qualitative descriptions 
of the system is developed via a set of narratives describing current and future states of the system, and a diagram 
that represents the narrative as a visual model of interactions in the system.  
x Step 4: Determine key tradeoffs that appear to warrant deeper exploration: the visualizations from Step 3 provide 
the basis for in-depth discussions and debates. Lines of reasoning are often verbalized that provides the means 
for immediate resolution of some issues, as well as dismissal of other irrelevant issues. During this study, several 
key issues and questions emerged in the regional natural gas networks that were unexpected or not always visible. 
These reflect emergent trends in the overall behavior of the system, and point to opportunities for further 
investigation.  Several are noted in the conclusions. 
 
Checkland’s Soft Systems Methodology recommends that we express problems, issues, or opportunities in the 
situation system where they are encountered before proceeding to a conceptual modeling phase.  Verbal narratives or 
picture diagrams are most effective at expressing the situational aspects.  The narrative describes a problem, but to 
introduce solutions you need to understand the variables that form the root cause.  Thus, more formal modeling is 
useful; however, it is difficult to communicate the dynamics of the system with a computational model. Checkland 
introduces a rich picture as an interim step to provide a visual model of the system and the context of the issue at hand. 
A formal visualization approach called a “Systemigram” captures the conceptual model in a systems context.10,11 
A systemigram combines a narrative discussion of the system and transformation strategy with a 1-page diagram that 
models the narrative as a set of nodes and links.  The systemigram can provide the architecture of the system that 
guides development or use of more computational models.  It is developed from the narrative text, which may be a 
compelling descriptive view of the system and its dynamics, or a strategic text written to analyze the behaviors of the 
system and directly produce the diagram.  For this project, systemigrams are useful for visualizing the entire system. 
This holistic representation encourages recognition of specific system characteristics in the context of the system’s 
environment and reflects a collection of relationships that persist and evolve over time. From a critical standpoint, 
rules for systemigram design should generally be followed.12 However, our project presented some divergence from 
certain diagram requirements, such as multiple entry points and inputs. In order to ensure all components and 
behaviors of the complex sociotechnical system of analysis were captured, our conceptual model required a modified 
approach to the methodological design. In doing so, emerging flows and interactions can be identified that may not 
be present if the nodes were split or otherwise presented to strictly follow the rules.  These modifications are marked 
in the domain scenario systemigram by introducing a fourth color scheme in the diagram and described in the narrative. 
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5. Visual models 
The questions and variables identified in Step 1, along with key phenomena outlined in Step 2, were taken into 
consideration when researching the scenarios and preparing the systemigrams. The objective of scenario development 
is to address and select representative cases such that we can assess leading indicators and issues that arise from the 
scenario description, key drivers, and inhibitors within each scenario, and expected outcomes associated with each 
scenario. This is done at each level of the sociotechnical enterprise model in order to address multi-level behavior.  
5.1. Domain layer scenarios 
This paper presents one of four regional scenarios, accompanied with a narrative and diagram, selected for domain 
level evaluation. The vast differences between regional domains required that individual scenarios and systemigrams 
were needed. The scenario looks at the landscape’s unique composition, while capturing the relationships and 
interactions of the entities to depict the gas market’s development and behavior. The process of simultaneously 
developing the narrative and diagram elicits a richer understanding of the system drivers in systemigrams. 
5.1.1. Development of the European and Russian natural gas landscape 
Figure 2 is the systemigram developed for this narrative. The story starts in the upper right corner and proceeds 
diagonally to the lower right corner.  The future direction of Europe’s dependence on gas imports is a major energy 
challenge for improving the European Union’s (EU) current energy map. EU energy policy revolves around three key 
areas: internal market (competition), security of supply, and sustainability. To keep in line the EU idea of subsidiarity, 
European energy policy, and legislation is shared between the EU and Member State levels.  
The EU internal pipeline infrastructure is mostly characterized by its limited connections between the Western 
pipeline network and the Eastern infrastructure. Issues concerning the technical part of gas transmission, are presented 
in reverse flow, energy efficiency and differing standards. Aside from Russia, Europe’s largest gas producers and gas 
exporters are Norway, Algeria, and the Netherlands, although the Eastern Mediterranean is rising as an emerging 
supplier. As North Sea production of the commodity enters terminal decline in the next decade, countries outside of 
continental Europe, such as Azerbaijan and Algeria, are of increasing economic and strategic importance to the EU 
natural gas supply. This is mostly identified in the upper left quadrant of the diagram. 
Traditionally, the majority of European natural gas was supplied through long-term contracts at predetermined 
netback prices and priced against oil. However, markets in Northwestern Europe are increasingly shifting to hub-
based pricing mechanisms, whereas Central and Eastern Europe oil-indexed contracts are expected to continue.13 The 
divergence between oil-indexed and spot natural gas prices put pressure on Europe’s gas suppliers, especially Gaz-
prom, to amend their oil-indexed price formulas, or ease volumetric commitments tied to take-or-pay obligations.14 
5.1.1.1. Market governance and ownership 
A second path down Figure 2’s lower diagonal captures major policy issues. Since the Lisbon Treaty did not clearly 
divide control between the EU and Member State levels, various sources of potential conflict remain, in regards to the 
differing levels of regulation and the existing patchwork of involved authorities, which can be considered a potential 
burden on companies and operators. The EU Member States feature highly heterogeneous import structures and gas 
sector organization, ranging from Bulgaria, whose gas industry is state controlled and deeply intertwined with 
Gazprom, wherein the Russian government owns a controlling majority, to the United Kingdom, a fully liberalized 
market populated by global gas players.15 The EU has passed rules to liberalize its energy markets, to increase 
competitiveness, and cross-border investments from other EU companies, in effort to lower prices and increase energy 
security. The Third Energy Package includes mechanisms to control third-country firms’ acquisition, ownership 
limitations, and operation of transmission networks, including a provision entitling national regulators to take 
“security of supply risks” into account when granting access to non-EU companies.  
While the EU seeks to enforce competition rules and decrease Gazprom’s stronghold in the region, there are 
concerns that Europe’s reliance on its supplies could backfire in the event that any strike against the company could 
harm the rest of the continent as much or more than Russia. When European countries have countered Russia’s 
political will, they have been penalized with, among other repercussions, high gas prices. This leverage is possible  
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Figure 2 . Development of the European and Russian natural gas landscape 
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because Europe depends on Gazprom for some 30% of natural gas supplies, with the Baltic states receiving 100%. 
Bilaterally, some supplier companies are pursuing pipeline projects via transit states to avoid EU competition law.  
Gazprom’s period of unchallenged clout may be diminishing as the company has outlived its usefulness as a surefire 
foreign policy instrument, in part due to U.S. shale gas overturn the global energy equilibrium. Lithuania refused to 
buckle to Gazprom under a perceived local market grab and challenged the company on the grounds of anti-
competitive behavior. The company is losing Putin’s unconditional support; while players around the world have 
captured the lucrative new market for LNG export, Gazprom has been slow to move beyond its piped supplies. Last 
year, Gazprom’s export monopoly was effectively eradicated when Putin allowed private companies to ship LNG out 
of Russia. Gazprom is also being challenged by Novatek and Rosneft, which have aggressive plans for LNG facilities. 
5.1.1.2. Infrastructure and security of supply 
Gazprom strategically attained gas storage facilities at major pipeline interconnectors, not only since storage 
capacity development was falling behind pipeline construction in its export strategy, but also aiding transit operations 
in Germany. Storage sites controlled by Gazprom in Germany are planned to operate in correlation with Gazprom-
controlled transmission pipelines. This process reflects a broader dimension of Gazprom’s export strategy in Europe.  
However, the renegotiation of Russian gas contracts has diminished Gazprom’s pricing power in Europe. Growing 
competition in Russia’s domestic gas market, liberalization of Russia’s LNG market, relentless pursuit of value-
destroying geopolitical projects like the South Stream pipeline, and substantial overinvestment in upstream production 
capacity, all challenge Gazprom’s future market power.16 The EU’s Energy Security Strategy emphasizes the need to 
complete the internal energy market and build infrastructure links, such as alternative transit routes, LNG terminals, 
and interconnectors to enable reverse flows. Member States have been reversing gas flows via interconnectors for 
more than a decade, but now networks are expanding and the gas transmission network in Europe is more integrated. 
More recently, reverse flows of natural gas from Europe to Ukraine proved to be a critical component in countering 
potential Russian price increases and supply cuts (reflected in the lower right quadrant of Figure 2). 
Further development of regional cooperation in the EU gas market is crucial for gas infrastructure to ensure a timely 
response in case of crises. In light of the recent gas supply disruptions due to political turbulence between Russia and 
Ukraine, the security of supply is an overarching issue at the EU level. The physical ruptures of energy transport 
networks following the crises with transit countries (Ukraine in 2006 and 2008, Belarus in 2007) forced the EU to 
adopt the strategy of diversifying supply routes, gradually reducing its dependence on transit countries. However, 
route diversification is not necessarily sought to break away from Russia, but intended to create smaller level regional 
networks and more secure supply via diverse, resilient, and flexible network of actors and pipelines. 
Figure 2 captured a unique set of interactions.  The development of transit states, agreements, and natural gas 
distribution represents a dominant thread in the narrative and the upper left to lower right diagonal.  The future 
narrative for energy stability is route diversification, and the role of transit hubs could reduce or increase resilience in 
the system.  The role of eastern European (particularly Baltic) states is of strategic and economic importance as they 
provide transit hubs (bottom edge of Figure 2). This could continue to escalate tensions in the region, potentially in 
the future disrupt flow of gas from Russia. Competing interests between nationally owned energy companies and 
privately owned, together with related national interests, could also disrupt flow.  The transformational effect of the 
U.S. market shift on the rest of the world will drive market uncertainty and more market driven behaviors from 
nationally owned companies.  Two other additionally important future scenarios exist at the edges of the diagram, 
marked by dashed lines.  The first represents increased U.S. interaction in the region as the U.S. works to ensure 
stability via either LNG export or co-investment in pipeline and infrastructure diversity (right edge of Figure 2).  The 
second interaction identifies the strategic interest of emerging suppliers outside of continental Europe. These nodes 
drive the potential future state of the EU energy landscape wherein major agreements can cause regional shifts on 
security, diplomacy, and politics, and in the global energy trade. Finally, political intervention versus market need to 
honor long-term contracts is an area of sociotechnical study as these tend to be driven by cyclic market dynamics. 
5.1.2. Visualizing the enterprise architecture: Endowments, governments, and energy companies 
The previous scenario addresses regional characteristics of the natural gas enterprise.  This allows comparative 
analysis of the primary interactions by geopolitical region and characterizes the domain ecosystem, which varies by 
region.  This section describes the systems at work across the system structure, delivery operations, and work practices  
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Figure 3. General system structure of enterprise architecture 
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levels (shown in Figure 3).  These relationships are relatively consistent across the global enterprise.  The following 
scenario examines the emerging change that non-traditional natural gas development has on the character of 
relationships among those enterprises.   
Most strive for energy security, but a number of social benefits drive behaviors of government entities, including 
bilateral partnerships and employment in the energy industry, the latter can be a form of wealth redistribution in 
developing nations. The emergence of non-traditional natural gas in the marketplace entered the enterprise model with 
significant technology changes that rippled through higher levels of the model.  There has always been close linkage 
between technological innovation and gas industry growth.  Further technological advances in both natural gas 
recovery and distribution will contribute to changing supply and demand behaviors.  The impact of technology on 
upstream processing of shale gas resources caused many energy forecasts to diverge the past 10 years.  Technology 
enhancements will continue to add uncertainty to traditional supply and demand forecasting.17 The regional narratives 
also identify a diversity of geopolitical reasons for either developing or delaying development of these resources.  
Nations have governments, and the systemigram shows many complex interrelationships between governments, 
energy companies, and the nations they operate in.  The energy market’s economic scale accounts for about 8% of 
global Gross Domestic Product (GDP) on an annual basis, which in most nations is second to health in economic 
impact.18 A detailed discussion of the relationships between governments and energy companies, and the value created 
from those relationships,19 reveals that 40-90% of upstream revenues and as much as 40% of downstream revenues 
go to governments as taxes. Additionally, governments earn revenues from licensing resource extraction or from direct 
ownership in energy companies. The scale often makes energy revenues derived from national endowments a primary 
source for funding of government social programs, which can make them slow to change. 
Nationalization of oil companies was the trend in the 1960’s and 1970’s, leading to large cartels such as OPEC.  
Today, nationally owned oil and gas company (NOC) formation is primarily in developing nations where governments 
have difficulty regulating companies, and these tend to transition over time to private ownership, in part from poor 
performance. The increasing diversity of energy resources and the increasing coverage of distribution networks are 
tending to normalize behaviors between NOCs and privately owned oil and gas companies (POCs) more toward 
market dynamics and less toward national priorities.20 This is evident in EU-Russia narratives as well as the leveling 
of Mid-East oil prices.  All compete in a global market although regional pricing is changing the system.  Instead of 
a backlash against U.S. decoupling of gas from oil prices, the current dynamic appears to center around U.S. 
oversupply, low pricing, and uncertainty over the impact on world energy prices.  This appears to be stabilizing oil 
and gas prices worldwide, possibly because of perceptions that market share will be replaced by lower cost shale oil 
and gas pricing if their prices get too high.  The future by current narratives points toward a more open market. 
At the delivery process level, the regional scenarios identified a number of interesting interactions including 
differing strategies of resource endowment, capital access for development, emergence in transit infrastructure, and 
the ability of technology to change how flows are managed and priced.  Mature distribution networks are supported 
by strong government institutions and mature regulatory control.   
6. Conclusions and future work 
The initial phase of this project developed a framework for modeling the complex sociotechnical enterprise 
representing emerging global natural gas landscapes. We visually modeled the enterprise architecture to examine key 
phenomena and socio-behavioral aspects of the landscape to inform a larger modeling project. The example scenario 
used for this paper presents the development of the European and Russian natural gas landscape, which has a unique 
set of interactions compared to other regions. Through our study, the development of transit state agreements emerged 
as the dominant anecdote for conceptualizing the current system. There are important drivers for the future market 
narrative in terms of route diversification and resilience, indicating a need for general physical and social network 
modeling of these relationships. The systemigram also exposed the central role of the U.S.in potentially transforming 
the European market via diversity of supply, manifesting in varying policies and actions and could be defined in a 
system dynamics model. Another insight marked in the EU-Russia scenario that emerged is the potential for increasing 
diversity of energy resources and increasing coverage of distribution networks to result in normalizing behavior 
between nationally owned and privately owned oil and gas companies and other national entities more toward market 
dynamics, rather than noncommercial and strategic priorities. These might be represented in value network models. 
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Our soft systems approach and multi-level model framework application, along with alternative future scenarios, 
captured relationships and interactions of large complex enterprises, providing clear understanding of the changing 
natural gas landscape. The interdependencies within the global natural gas infrastructure and key pressure points are 
identified in scenario development, which captures fundamental change in the present state. The resulting framework 
and scenarios will be utilized in future modeling and simulation efforts to allow stakeholders and decision makers a 
means to better grasp uncertainties of the changing natural gas landscape, thus making better informed decisions 
regarding energy policy. The structural and perspective architectural views define the construction of the various 
modeling needs.  These are tailored to the context of the study (not a complete model, but built to specifically address 
the agreed upon central questions and key phenomenon). The focus of future work are multi-level modeling steps 5-
10, in order to complete a computational model for further evaluation of the scenarios and phenomena.  
Finally, this project emphasized the value of true multidisciplinary interactions. The narratives created by 
international relations experts are combined with conceptual models from systems engineers to produce much richer 
understanding of a complex adaptive enterprise. Subject matter experts in the oil and gas enterprise and policy experts 
informed the model design, and facilitation and consistent inquiry produced the model content.  Development of 
experts in facilitation of these methods and required skills will be a specific focus of our future work. 
References 
1. Georgia Tech Strategic Energy Institute, www.energy.gatech.edu 
2. Stulberg, A., McDermott, T., Nadolski, M., Sheppard, L. “Geopolitical Implications of the Golden Age of Gas: A Framework for Modeling 
and Assessing Alternative Futures”. Final paper, unpublished. Georgia Institute of Technology. September 2014.  
3. Checkland, P. B. Systems Thinking, Systems Practice. Chichester, UK: John Wiley & Sons Ltd. 1981. 
4. McDermott, T.; Rouse, W.; Goodman, S.; Loper, M.; “Multi-level Modeling of Complex Socio-Technical Systems.” Conference on Systems 
Engineering Research (CSER’13); Eds.: C.J.J. Paredis, C. Bishop, D. Bodner; Georgia Institute of Technology, Atlanta, GA, March 2013. 
5. Rouse, W.B. and Bodner, D.; Multi-Level Modeling of Complex Socio-Technical Systems – Phase 1, A013 - Final Technical Report; SERC-
2013-TR-020-2; Systems Engineering Research Center; 2013. 
6. Rouse, W.B.:  “Engineering perspectives on healthcare delivery: Can we afford technological innovation in healthcare?” Journal of Systems 
Research and Behavioral Science, 26, 1-10. 
7. Rouse, W.B., & Cortese, D.A. (Eds.). Engineering the System of Healthcare Delivery. Amsterdam: IOS Press. 2010. 
8. Kern, Matthew Ford, “Extending the Systems Engineering ‘V’ to Measure Transformational Results,” self-published ©2013, 
http://www.unauthorizedprogress.com/images/Extending_the_System_Engineeting_V.pdf. 
9. Rouse, W.B. and Pennock, M.; Multi-Level Modeling of Socio-Technical Systems A013 - Final Technical Report; SERC-2013-TR-020-3; 
Systems Engineering Research Center; 2013. 
10. Blair, C. D., Boardman, J. T., & Sauser, B. J.; “Communications Strategic Intent With Systemigrams: Application to the Network-Enabled 
Challenge.” Systems Engineering, 10 (4), 309-322; 2007. 
11. Boardman, J.T. and Sauser, B.J.; Systems Thinking: Coping with 21st Century Problems; Taylor and Francis/CRC Press; 2008.   
12. Blair, C. D., Boardman, J. T., & Sauser, B. J.; “Communications Strategic Intent With Systemigrams: Application to the Network-Enabled 
Challenge.” Systems Engineering, 10 (4), 309-322; 2007. 
13. Business As Usual: European Gas Market Functioning in Times of Turmoil and Increasing Import Dependence. Brookings Institute; 2014. 
14. Bordoff, J., Houser, T. “American Gas to the Rescue: The impact of US LNG Exports on European Security and Russian Foreign Policy.” 
Center on Global Energy Policy; 2014.  
15. The Geopolitics of Natural Gas: The Politics of Natural Gas Development in the European Union. Harvard University’s Belfer Center and 
Rice University’s Baker Institute Center for Energy Studies; 2013. 
16. Bordoff, J., Houser, T. “American Gas to the Rescue: The impact of US LNG Exports on European Security and Russian Foreign Policy.” 
Center on Global Energy Policy; 2014. 
17. Age of Gas and Power of Networks. General Electric, 2013. 
18. “A Primer on Energy and the Economy: Energy’s Large Share of the Economy Requires Caution in Determining Policies That Affect It,” 
Institute for Energy Research, 2010. 
19. World Bank Working Paper No. 218, “National Oil Companies and Value Creation.” 
20. Ibid. 
                                                          
 
